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5 CLAIMS 

What is claimed is: 

1 . A Machine for Production of Granular Silicon comprising: 

a heating section located below a reacting section; where said 
10 heating section can con si st of comprises one or more tubes heated by one or 
more heaters 

a mechanism that pulses silicon granules back and forth between 
the heating and reacting sections ; 

at least one separate injection of means for injecting silicon 
15 containing gases;, aod 

at least one separate infection means for injecting non silicon 
containing gases and 

_aheating means to heat t he non silicon containing gases above 
tfre a reaction temperature^ 
20 coo li ng e ach inj e ct i on loc a t i on of the sil i con containing gase s; 

2. aA machine of claim 1 where there are multiple stages : a 1st stage oach on e 
consist i ng of comprising a heater section, afrd a/eaction section , a granule 
pulsing mechanism, a separate gas injection means for injecting silicon 
containing oases, a separate injection means for injecting non silicon containing 
25 gases and ajieating means to heat the non silicon containing gases above theji 
reaction temperature and at least one additional stage comprising at least a 
heater section, a reaction section and a gas injection means , wh e r e e ach reactor 
s e ction has on o or mor e inj e ct i on nozz le s for gasos which promoto add i t ional 
f e act i on, i n th e silan e r e actor th e gas to th o r o action section would b o cilan e , for 
30 tho hydrohalosilan e , e.g. trichloros il an e or tribromo s ilan e roactor th o gas to th e 
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5 r ea cto r s e ct i on could bo th o hydrohalo oi lano alono, hydrogen alon e or a 

3. aA machine of claim 1 or 2 wh i c h further comprising the recoverys of 
heat from the granules by direct contact with a high purity gas, which has carbon 
and oxvaen containing contaminants below 1 ppmwt and preferably below 

1 o IQppbwt and which can be n on o ilioon depositing or r e act i ng gases: cuch gases 
ea n selected from a 1st group consisting of hydrogen, helium, argon, nitrogen 
and mixtures thereof , or from a 2 nd group consisting of silicon tetrachloride and 
silicon tetrabromide but not mixtures of the second 2^group and hydrogen. a*4 
must b o low i n carbon and oxyg o n containing contam i nants, ouch as oxyg en 

15 water, carbon monoxido T carbon dioxido and mothono, which contami n ant s must 
b o b ol ow 1 ppmwt and pr e f e rably b e low 10ppbwt , Gas oc c uch as s i l i con 
t rich l orosilan e and si l on e aro not usable b o caus o thoy d e compos e , hydrogen 
chlorid e , hydrogen bromido or m i xtures of ga s es, which react ouch ao a ci l icon 
tetrach l oride, and hydrogen mixtur e ore not usablo bocauso thoy can r e act with 

20 tho granu le s 

4. aA machine of claim 1 further comprising a heat exchanger in which the 
silicon containing gases are heated by hot liquid or condensing vapor maintained 
within a temperature range which cannot cause decomposition of the gases; 
which temperature range is typically between 200-400^0 but more particularly 

25 between 300-350- 360° C. 

5. A machine of claim 1 further comprising a sieving device , operated 
either continuously or in batches, by which the silicon granules are sieved using 
one or more sieves manufactured from non contaminating sieve material ar*4 
und e rs i zed granul e s r e turn e d to r e actor; wh o r o tho noncontaminating s ieve 

30 mat e ria l is selected from mntnr i nk . which rnntni n si licorv t he group co nsisting of 
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5 single crystal silicon, polycrystalline silicon, silicon oxide, silicon nitride, silicon 
oxynitride x aed silicon carbide and mixtures thereof w here the contaminants in 
the abradable surfaces or o l ow in contam i nants,, such as boron, phosphorus, 
a l uminum, arsonio, iron, coppor and othor mota l s, such contam i nants w ill 
typically be below 1000 ppmwt and preferably below 100 ppmwt. 

10 6. A machine of claim 1 further comprising an opt i onal feedstock 

recovery section; where hydrogen is injected in the heating section , a silicon 
containing aas selected from a 1 st group consisting of trichlorosilane 
dichlorosilane. tribromosilane, dibromosilane, triodosilane ! diiodosilane and 
mixtures thereof is injected via the separate injection means fo r silicon containing 

1 5 gas in the reacting section and a silicon quadf atetra halide selected fr om a 2 nd 
group consisting of such as silicon tetrachloride A or-silicon tetrabromide and 
silicon tetraiodide is injected after the reactor section , mixed with the reactor 
effluent then quenched at an optimal temperature to recover si li con hydroha l id e s 
hvdrohalosilanes selected from the aforesaid 1 st group cuch ao trichlorocilane, 

20 and dioh l orosi l an e^ residual silicon tetrahalides selected from the 2 nd group and 
hydrogen. 

7. A machine of claim 1 further comprising one or more cooled joints 
between external equipment and the reactor which transmit hot gases or solids 
and which are cooled using loca l iz e d , one or more, microchannels positioned to 
25 primarily cool the immediate area around the connection to the reactor and/or the 
seal area of the connection to the external equipment, el aotomor i o O ring to a 
temp e ratur e such that d e compo s ition of th e Q ring or i ncroacod permeab i lity of 
th e o ring to oxyg o n .water and carbon d i oxide do e s not o a uoo o i gnificant 
contamination w i thout e xc es siv e hoat l os s , such tomp e ratur o is typica l ly 25 300 
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5 C and pr e ferably 50 - 150 C for o r i ngs made from high purity fluorocarbon o rings 
o uch a s Viton t Kalr o z and T e f l on 

8. A machine of claim J Lono or two wh o re th e r e i s further comprising 
external flow control of each said injection point means, such flow control may be 
either direct with flow control of each nozzl e said means done independently, or 

10 indirect by means of a flow distribution device cuch as a manifold or a 

combination of the two where some nozzl e s of the said injection means are 
ganged in groupSi 

9. aA machine of claim I Swhere the instantaneous flow of gases into the 
reactor through one or more of the injection means is varied periodically shap e of 

1 5 the puls e and/or the distribution of flow between said injection means nozzl e s 
m ay b e is adjusted to control the generation of new particles without changing 
the total flow averaged over 1 minute . 

10. n pr e ferr e d vari a t i on of cla i m 8 A machine of claim 4 where the flow of 
silicon containing g as to each nozzl e one or more of the separate injection 

20 means for silicon containing gas is controlled before the heat exchanger k eat e r/s 
and an even more preferred option where multiple separate flows of the silicon 
containing gas are heated in the same hoator heat exchanger 

11. a pr e f e rr e d comb i nation of tho a bov e cla i m s for the use of s i lane as a 
f ee dst ock, A machine of claim 2 , where th e r e aro; two or more stag es; high purity 

25 hydrogen is used for the non silicon containing gas to the first stage hoot i ng 
sect i on and silane is injected via the separate injection means for silicon 
containing gas in all the stages, for th o cooling of the granular si li con and for 
r e turn of und e r s iz e granule s to th e r e actor; tho s ie ving dcv i co is mode from h i§fr 
purity quartz tubos and po l ycrysta ll in e s ili con si e ves, th o f o od o took recovery 

30 system i s not us e d; ooo l ed jo i nts aro us o d for al l tho inl e t s and outl e ts of th e 
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5 reactor; the silano hoat oxohangor uses a condens i ng vapor m a intained in the 
temperatur e range 340 360 C and o ach gas injection location i o i nd e pend e ntly 
contro l l e d - . - 

12. a preferred comb i nation of the above cla i ms for th e u se of 
tr i chlorosilan o ,, an d/ or dich l oro s ilan e ,ac a f ee dstock , A machine of claim 2, 

10 where thore are; two or m or e s tag es; high purity hydrogen is injected in ^se d for 
tho non cilicon containing gas to the first and subsequent stages heat i ng sectio n 
and to the c o cond r e acting s e ction, for th o coo l ing of th e gr a nular si licon and for 
return of unders i zo granules to t h o r o actor; th o s i e ving d e vice io mad e fr om-hjgh 
pur i ty q uartz tubes and polycrystalline cilicon siev e s , a silicon co ntaining gas 

15 selected from a 1 st group consisting of trichlorosilane dichlorosilane, 

tribromosilane, dibromosilane, triodosilane, diiodosilane and mixture s thereof is 
injected via the separate injection means for silicon containing gas in the 1 st 
stage and further comprising a final f eedstock recovery system is us e d and 
where a silicon tetrahalide selected from a 2 nd group consisting of silicon 

20 tetrachloride , silicon tetrabromide and silicon tetraiodide is injected , mixed with 
the reactor effluent then Quenched at an optimal temperature to recover gases 
from the prior 1 st group, residual silicon tetrahalides from the prior 2 nd group and 
hvdrogen. t o coo l tho e ffluent from 1100 C to 000 C and hydroha l osilano s , for 
recyc lo ; cool e d joints ar e u s ed for al l th e inl e ts and outlets of th e roactor; th e 

25 ch l oro sila n e th e abovo said hoat exchanger u s es a cond e nc i ng vapor maintain e d 
in tho tomporoturo rang e 340 360 C a nd oach gas inject i on l ocation is 
i nd e p e ndently contro l l e d 

13. a var i at i on of claim 1 ,2. 11 or 12 A machine of claim 1 where the 
heatingef section is of smaller diameter than the reactingof section above it and 

30 connected by a tapered section, angle of said tapered section to be between 10 
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5 and 80 degrees from the vertical and preferably between 30-60 degrees from the 
vertical. 

1 4. a-vafiation of claims 1 ,2, 1 1 , 1 2 and 1 3 A machine of claim 1 where the 
heaters used in the heating sections are selected from the group consisting of 
may be resistance heaters, inductive RF heaters, microwave heaters, lamp 

10 heaters or lasers but are preferably resistance heaters. 

15. afurthorvn^ti"" nf n l nimn 1,2,11,12 and 13 A machine of claim 6 
where a high officiency cyclone is used after the injection of the silicon tetrahalide 
to remove silicon dust from tho offluont g a s e s and to provide residence time for 
the mixing and reaction of the silicon tetrahalide with from the r eactor effluent 

1 5 and the silicon dust to improve the fo o dstock recovery system when this i s us e d 
of the said silicon hydro halo silanes and tetrahaiides. 

15 n ynt firthnr unrhtinn nf nlnimn 1,2.1 1 .12 and 13 A machin e of claim 1 
where a silicon etching gas or mixtur o of gasos may be injected through one or 
more nozzl es of the injection means for the purpose of etching wall deposits from 

20 all or part of the reactor, saeh where the gases may b e ele m e n t a l h al i d e s ouch as 
is selected from the group consisting of chlorine, of bromine, iodine , hydrog e n 
halidos such as hydrogen chloride^ or hydrogen bromide , hydrogen iodide, ef 
combinations a mixture of hydrogen and si l icon totrahalides such a s silicon 
tetrachloride , a mixture of hydrogen and e psilicon tetrabromide. a mixture of 

25 hydrogen and silicon tetraiodide and mixtures thereof. 

XT. a add i tiona l i mprov e m e nt to th e abovo claims A machine of claim 1 
where the reactor is supported upon a weigh cell, capable of both weighing the 
reactor and its contents and of measuring the intermittent force exerted by the 
pulsing gas granules and where the connections to and from the reactor are 

30 flexible enough to allow the slight deflection required by the weigh cell, said 
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5 deflection to be less than 1mm and preferably less than 0.5mm, and the thermal 
expansion of the reactor relative to the support structure, said thermal expansion 
to be less than 1" (25mm) and preferably less than 1/4" (6mm). 

1 8. a furth e r variation on tho above c l a i ms A machine o f claim 1 where all 
or a portion of the non silicon containing gases are heated to a temperature 

10 below the reaction temperature outside the heating section then heated to a 
temperature above the reaction©? temperature inside the heateqnq section prior 
to entry to the reactinflef section. 

19. a yet further vnrinti™ " f Hnimr 1? nnri 1 3 A machine of claim 2 w here 
at least one of the second and subsequent stage heatingef sections dees 

1 5 contains some residual silicon dust and/ or silicon containing gases from the first 
stage reactinqer section that ean form a wall deposit. 

20. a var i at i on of claim 5 whoro th e sieving and return of undoro i zo 
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